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Bose-Einstein correlations are studied in the semi-leptonic (WW ! qqll ) and
fully hadronic (WW ! qqqq ) W-pair decays with the ALEPH detector at LEP at
centre-of-mass energies of 172, 183 and 189 GeV. These measurements are compared
with those made at the Z peak after correction for the dierent flavour compositions.
A Bose-Einstein correlation Monte Carlo model based on the JETSET hadronization
scheme was successfully tuned to the Z data and reproduces the correlations in the
WW ! qqll events. The same Monte Carlo reproduces the correlations in the
WW ! qqqq channel assuming independent fragmentation of the two Ws. A variant
of the same model with Bose-Einstein correlations between decay products of dierent
Ws is disfavoured at 2.7.
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The existence of Bose-Einstein correlations between identical bosons in reactions leading
to hadronic nal states is well established. This eect leads to an enhancement of the two
particle dierential cross section for pairs of identical pions close in phase-space, which
was rst observed experimentally in pp collisions [1]. Bose-Einstein correlations were also
studied in the hadronic decays of the Z at LEP 1 [2, 3, 4], and rst observations of these
correlations in the W-pair production at LEP2 have already been reported [5, 6, 7, 8, 9].
Theoretically, it is unclear to what extent Bose-Einstein interference will occur between
the decay products of the two W in the WW ! qqqq channel [10]. Such interference, if
it exists, may influence the W mass measurement [11]. In this analysis further studies of
these correlations in W-pair production in e+e− annihilations at LEP2 are reported.
The principle of the analysis is as follows: Bose-Einstein correlations are rst analysed
from a high statistics Z decay sample. The Bose-Einstein correlation eect for udsc quarks
is extracted from the natural udscb mix in Z decays by means of b-tagging. The resulting
Bose-Einstein correlation distribution can be successfully reproduced by a tuned version
of the JETSET Monte Carlo [12]. This Monte Carlo is used to predict the eect to be
expected in W decays; its role is mainly to account for the dierent kinematics, background
and selection biases in the W sample with respect to the Z decays. This prediction is
compared with the Bose-Einstein correlation eect measured in WW ! qqll events
and also in WW ! qqqq , when one assumes that the two Ws decay independently.
Interactions between decay products for dierent Ws require additional modeling. A
particular model, that of Lo¨nnblad and Sjo¨strand [12] implemented in the same JETSET
fragmentation model with the tuning as above is also compared with the Bose-Einstein
correlations measured in WW ! qqqq events.
2 The ALEPH detector.
The ALEPH detector is described in detail elsewhere [13, 14]. The most important compo-
nent for this analysis is the tracking system. Starting from the interaction point, one rst
encounters the silicon strip vertex detector VDET [16]. The VDET has two layers each
providing measurements of the r and rz coordinates, with a resolution of 10 m in r
and 15 m in z, depending on the polar angle of the track. The VDET lies within a small
cylindrical drift chamber (ITC), which measures up to eight r coordinates per track. The
ITC is in turn enclosed in a large time projection chamber (TPC), lying between radii of
31 and 180 cm. The TPC provides up to 21 three-dimensional coordinates per track. Its
resolution is about 200 m in r and 1 mm in z. It also provides dE/dx information,
with a resolution of up to 4.4%, for particle identication. A momentum resolution of
(PT )=PT = 6 10−4PT +0:005 (with the transverse momentum PT expressed in GeV) is
achieved. The tracking eciency in the TPC is close to 100% for tracks with transverse
momentum above 200 MeV and falls below this value.
Outside the TPC is an electromagnetic calorimeter ECAL: a sandwich of lead sheets
and proportional tubes. Highly granular transverse and longitudinal measurements of
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electromagnetic showers are provided by projective towers, which are segmented longitu-
dinally in three storeys. The achieved energy resolution is (E)=E = 0:18=
p
E + 0:009 (E
in GeV). These sub-detectors are surrounded by a superconducting solenoid producing a
1.5 T magnetic eld. A hadron calorimeter HCAL surrounds the solenoid and is used for
muon identication. Muon position and angle are also measured outside the calorimeter
in two double layers of limited-streamer tubes, separated by 50 cm. The information from
the tracking detectors and the calorimeters is combined by an energy flow algorithm, de-
scribed in [14]. For each event, a list of energy flow objects (charged particles, photons,
neutral hadrons, muons and electrons) is provided.
3 Data samples.
In this analysis, Z data recorded at
p
s=91 GeV corresponding to an integrated luminosity
of L=2.3 pb −1 are used to tune the dierent Monte Carlo models of Bose-Einstein corre-
lations. These data are taken with the same detector conguration as the W+W− events.
The measurement of Bose-Einstein correlations in W+W− events uses the data recorded at
172.1 GeV (L=10.65 pb−1), 182.6 GeV (L=56.83 pb−1) and 188.6 GeV (L=174.2 pb−1).
3.1 Hadronic Z decays.
The oine selection of the hadronic events uses tracks which pass through a cylinder of
2 cm radius and 10 cm half length around the interaction point. The tracks are also
required to have at least 4 hits in the TPC. The polar angle of these tracks must lie in the
j cos j < 0:95 range. Events are accepted if they have at least ve of these tracks and if
their total energy exceeds 10% of the centre of mass energy.
3.2 Fully hadronic W pair decays.
The fully hadronic W-pair decays are selected with a neural network method [17, 18].
The output of the neural net is peaked at 1 for signal and −1 for qq background. In
this analysis, events with a neural network output greater than −0:3 are retained. The
eciencies, purities and number of selected events at dierent centre of mass energies are
reported in Table 1. The background is dominated by the (Z; γ) ! qq events.
3.3 Semi-leptonic W pair decays.
The semi-leptonic events are selected with two selections, one designed for WW ! qqee and
WW ! qqµ events and the second for WW ! qqτ events.
The WW ! qqee and WW ! qqµ events are characterised by two well separated
hadronic jets, a high-momentum lepton and missing momentum due to the undetected
neutrino. Cuts based on this expected topology are applied to reject background [19].
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Energy Eciency Purity Number of
(GeV) (%) (%) selected events
WW ! qqqq selection
172 85.0 80.1 69
183 89.8 79.4 503
189 91.3 77.2 1449
WW ! qqll selection
172 79.7 95.0 44
183 80.5 94.4 330
189 78.0 95.2 1005
Table 1: Eciencies, purities and number of selected events at dierent centre-of-mass energies.
The residual background is mainly from WW ! qqτ and qq events. The WW !
qqτ selection is described elsewhere [20, 21]. An event is selected if it passes a series
of preselection cuts [21] and if it satises either a topological or a global selection [20].
Unlike the WW cross section analysis [20], a  jet is always explicitly searched for as it
is required for the measurement of Bose-Einstein correlations in the hadronic part of the
event. The main background comes from WW ! qqee and WW ! qqµ events, but
there are also contributions from qq, We and ZZ events.
The eciencies, purities and the number of selected events at dierent centre of mass
energies are reported in Table 1.
4 Analysis method.
4.1 Principle.
The main goal of the analysis is to investigate Bose-Einstein (BE) correlations between
pions from dierent W. Therefore the principles of the analysis are the following:
 Measure Bose-Einstein correlations in Z decays at ps = 91 GeV.
 Correct for the bias due to Z ! bb, as b jets are not present in W decay.
 Tune a Monte Carlo simulation of the Bose-Einstein eect to this corrected Z data.
 Check Monte Carlo predictions with semileptonic W-pair decays.
 Compare measured Bose-Einstein correlations in fully hadronic W-pair decays with
Monte Carlo predictions for two hypotheses:
– Pions from dierent W do exhibit Bose-Einstein correlations.
– Pions from dierent W do not exhibit Bose-Einstein correlations.
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Bose-Einstein correlations occur for pions of the same charge. To see any enhancement
of the two particle cross section for pairs of identical pions, a sample identical in all
aspects with the like-charged pion pair sample, except for the presence of Bose-Einstein
correlations , is needed as reference. In this paper, the unlike-charged pion pairs are taken
as reference sample in order to minimize systematic experimental errors related to track
reconstruction and acceptance. The ratio R of number of like sign pairs N++,−− to the
number of unlike charged pairs N+−
R(Q) = N++,−−(Q)=N+−(Q)
is measured as a function of Q
Q2 = (p1 − p2)2 − (E1 −E2)2
where p1 −p2 and E1−E2 are the dierences in momentum and energy of two particles.
Unfortunately the unlike-charged pion pairs are not free of other sources of correlation,
such as particles coming from resonances. Therefore, the ratio for the data is corrected
by dividing by the same ratio obtained from the Monte-Carlo without Bose-Einstein cor-
relations (\Standard Monte Carlo"). In this way corrections for the resonance decays and
for acceptance eects are taken into account.











The Bose-Einstein enhancement occurs at low values of Q2, and in this paper is pa-
rameterized by the widely used formula
R(Q) = (1 + Q)(1 + e−σ
2Q2); (2)
where  is the normalization factor and the term 1 + Q takes into account some long
range correlations, due to charge conservation or energy-momentum conservation. The
1 + e−σ2Q2 term describes the Bose-Einstein eect. The parameter  gives the eective
strength of the Bose-Einstein correlations while the parameter  is related to the source
size.
Theoretically it is unclear if the Bose-Einstein correlations between pions from dierent
Ws should have the same source size or not. Therefore two ts are performed in this paper.
In the rst one, four parameters are tted: , ,  and  in the Q range between 0 and 3









σ which is compared in data and Monte Carlo. In the second
one, three parameters are xed and the  is tted in the Q range between 0 and 0.4 GeV,
then  is compared in data and Monte Carlo.
4.2 Pion selection.
The pion selection rejects tracks identied as electrons, muons or from V0 decay by the
energy flow algorithm [14]. Electrons are identied using their specic ionization in the
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TPC (dE/dx) and eventually the transverse and longitudinal shower shapes in ECAL.
Muons are separated from hadrons by their characteristic penetrating pattern in HCAL
and the presence of hits in the muon chambers. Two tracks are identied as from a V0
decay if they form a secondary vertex. Pairs of electrons from gamma conversion give a
peak near Q2 = 0 in the unlike-charged pion pair distribution. Therefore more stringent
criteria are applied in addition to the ones provided by the energy flow algorithm. The
tracks with momentum less than 5 GeV are rejected if their measured dE/dx is within
3 of that expected for an electron. Independently pairs of tracks are rejected if they are
compatible with a γ conversion. Two tracks are identied as a conversion [15] if their
minimum approach distance is less than 1 cm in the r projection, less than 2 cm in
z, their invariant mass less than 30 MeV and their measured dE/dx within 3‘ of that
expected for electrons. Note that electron identication is looser in the conversion nding
routine than in the electron track nding routine.
Sometimes, successive arcs of spiraling tracks passing near the membrane in the middle
of the TPC are split into multiple tracks, which are very close in momentum space. To
reject them, tracks produced with a polar angle in the [87:5; 92:5] range are required to
have at least 3 hits in the ve rst layers of the TPC and a minimum transverse momentum
with respect to the beam axis of 120 MeV.
All other charged particles are treated as pions. Monte Carlo studies show that the
purity of the  pairs is about 80% in the low Q region where the Bose-Einstein correlations
are expected to take place.
4.3 Monte Carlo.
The Monte Carlo distributions shown in this paper include simulations of particle inter-
actions in the detector. Hadronic Z decays are simulated at a centre-of-mass energy of
91 GeV with the PYTHIA [23] generator. These events are used to tune the dierent
models simulating the Bose-Einstein correlations . The W-pair events are generated with
KORALW [22]. The (Z; γ) ! qq and ZZ backgrounds at high energy are produced with
the PYTHIA generator. In all cases, the hadronisation scheme used is JETSET [23].
The Bose-Einstein correlations are simulated with a JETSET routine ([12], model
BE3). The default parameters of this model are changed to 
input
JETSET = 2.3 and R
input
JETSET
= 0.26 GeV after tuning to Z data. Residual discrepancies between data and Monte Carlo
are corrected for as described later. This Monte Carlo is the basic tool to compare data
to predictions in W pair decays. The parameter inputJETSET controls the strength of the
Bose-Einstein correlations while the parameter RinputJETSET controls the source size.
The Bose-Einstein correlations are studied also with the weighting methods of S.
Jadach and K. Zalewski [24] and of K. Fialkowski and R. Wit [25] but as described in
[19] these models have not been successfully tuned to the data while still conserving rea-
sonable weights.
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4.4 Bose-Einstein correlations at the Z and Monte-Carlo tuning.
Figure 1 shows the ratio (1) for the Z data compared with the JETSET Bose-Einstein
model.
The values of the parameters tted using the parameterization (2) are given in Table 2
for JETSET (rst row) and the data (second row). The observed dierence comes mainly
from the Z ! bb decays as shown on Figure 2 and described below.
Figure 1: Comparison of the hadronic Z decay data with the JETSET Monte Carlo model of
Bose-Einstein eect. Only statistical errors are shown.
The eect of Bose-Einstein correlations are expected to be dierent in events containing
b quarks and events containing udsc quarks. As an example, if one pion comes from
fragmentation and the other one from a b quark, no detectable Bose-Einstein eect is
expected in the pair. As W bosons do not decay into b quarks, the eect is studied for
events without b quarks by using an anti bb tag [26]. For events selected by the bb tag,
the b purity at low Q is 86%. Fits of the Bose-Einstein enhancement are performed for two
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  (GeV−1)  (GeV−1)  Cλσ
JETSET 0.29 ± 0.01 4.31± 0.11 0.019 ± 0.002 0.966 ± 0.002 0.59
data 0.30 ± 0.01 4.27± 0.09 0.010 ± 0.001 0.977 ± 0.002 0.57
data udsc 0.35 ± 0.01 4.29± 0.08 0.010 ± 0.001 0.978 ± 0.002 0.58
Table 2: Fitted parameters obtained at
p
s=91 GeV for the data and for the JETSET Monte
Carlo model. Cλσ gives the correlation between  and . Only statistical errors are shown. Note
that the central values of t results for the JETSET udsc prediction are identical to those of data
after bin by bin corrections described in the text are applied.
samples (with and without bb tag) in data and Monte Carlo as shown in Figure 2 using
the parameterization (2). This allows to estimate the value of  for udsc and b flavours,
assuming that  = b +(1− )udsc where  is the fraction (32%) of unlike-charged pairs
coming from bb events at low Q. The dierence between data and JETSET Monte Carlo
tuned at the Z peak in udsc and
∫1
0 e
−σ2Q2dQ is 0 6% and 11 7%, respectively.
Figure 3 shows the distributions of data and Monte Carlo for the pure udsc sample.
They are obtained by replacing the bb component of the distributions by the udsc ones
using the tted values of b and udsc described above. The results of the four parameter
t using parameterization (2) to the pure udsc data sample are given in Table 2 (third
row).
Residual discrepancies between data and Monte Carlo seen in Figure 3 are taken into





Note that after applying these corrections to the JETSET udsc distribution the Monte
Carlo points coincide with the data points by construction and thus the central values of
t results to this distribution are identical to those of data. The statistical errors of the
tuning, 6% for udsc and 7% for
∫1
0 e
−σ2Q2dQ, are taken as the systematic error of the
Bose-Einstein Monte Carlo tuning at the Z.
The corrections C(Q) are used to reweight bin by bin Monte Carlo distributions in the
study of Bose-Einstein correlations in the W-pair decays. For comparisons between data
and Monte Carlo in the W-pair decays, additional systematic errors could appear for the
eects which are dierent in the Z udsc and W-pair decays. However, the apparatus, the
data and Monte Carlo reconstruction programs are the same for the Z and for the W-pair
decays. Dierent kinematics, background, pion purity and selection biases are accounted
for by the JETSET Monte Carlo with systematic errors which are negligible compared
to the systematic errors of the tuning at Z. Therefore the systematic errors of the Monte




Figure 2: Bose-Einstein correlations with (top) and without (bottom) a bb tag for data (right)
and Monte Carlo JETSET (left). The solid curve shows results of the t using parameterization
(2). Only statistical errors are shown.
5 Bose-Einstein correlations in W-pair decays.
5.1 Semi-leptonic channel.
In the WW ! qqll channel, Bose-Einstein correlations are studied in the qq system. They
are assumed to be the same in the WW signal and in the 5% background. Therefore this
small background is neglected in the Monte-Carlo both with and without Bose-Einstein
8
Figure 3: Comparison of the hadronic Z decay data with the JETSET Monte Carlo model tuned
at the Z peak, both extrapolated to a pure udsc sample. Only statistical errors are shown.
eect.
The analysis is performed at each centre-of-mass energy. No visible evolution of the
tted parameters is observed with the energy within the statistical errors of tted param-
eters. Like and unlike charged pair distributions in Q for dierent energies are added and
the ratio (1) is tted using the parameterization (2). Four and one parameter () ts are
made. For the one parameter t, the values of ,  and  have been xed to the weighted
average values of the parameters tted in the W events (WW ! qqll and WW ! qqqq )
and in the Z events (at 91 GeV and at higher energy). The results are reported in Table
3. Figure 4 shows the comparison of the data to the JETSET Monte Carlo model tuned
and corrected at the Z peak. Also shown as a solid curve is the t result for the data.
The quality of agreement between data and Monte Carlo simulation is discussed in
Sec. 6.
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  (GeV−1)   (GeV−1) Cλσ
JETSET 0:967  0:004 0:018  0:003 0:29  0:02 4:04  0:16 0.54
data 0:995  0:01 0: 0:01 0:23  0:06 3:89  0:55 0.46
4 low Q2 bin t, xed , , 
JETSET 0:978 0:0097 0:290  0:014 4.242
data 0:978 0:0097 0:292  0:046 4:242
Table 3: Fitted parameters in the WW ! qqll channel for the data and the JETSET Monte
Carlo model. Cλσ gives the correlation between  and . Only statistical errors are shown.
Figure 4: R(Q) for both data and Monte Carlo with Bose-Einstein implementation for the
semi-leptonic W decays. Only statistical errors are shown. The systematic errors on the Monte
Carlo predictions are given in Table 5. The solid curve shows results of the t to the data using
parameterization (2).
5.2 Fully hadronic channel.
In this channel, the background from (Zγ) ! qq is included in Monte Carlo predictions
when the comparisons with data are made. The Bose-Einstein correlations are generated
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using the parameters tuned at 91 GeV as described in Section 4.4. The results obtained
are not changed if the background contribution is changed by 5% [19].
The analysis is performed at each centre of mass energy. No visible evolution of the
tted parameters is observed with energy within the statistical errors of tted parameters.
Like and unlike charge pair distributions in Q at dierent energies are added and the ratio
(1) is tted using the parameterization (2). The results are reported in Table 4. In this
Table and in what follows, \BEI" (Bose-Einstein Inside) stands for the case where there
are no Bose-Einstein correlations between decay products of dierent Ws, and \BEB"
(Bose-Einstein Both) for the case where there are. Figure 5 shows the comparison of the
data to the dierent models and the result of a t to the data.
  (GeV−1)   (GeV−1) Cλσ
JETSET(BEB) 0:980  0:002 0:008  0:001 0:35  0:01 4:45  0:11 0.64
JETSET(BEI) 0:989  0:002 0:003  0:001 0:27  0:02 4:66  0:16 0.65
data 0:987  0:007 0:007  0:004 0:23  0:03 4:26  0:43 0.61
4 low Q2 bin t, xed , , 
JETSET(BEB) 0:978 0:0097 0:334  0:009 4:242
JETSET(BEI) 0:978 0:0097 0:265  0:009 4:242
data 0:978 0:0097 0:246  0:024 4:242
Table 4: Fitted parameters in the WW ! qqqq channel for the data and the dierent models.
Cλσ gives the correlation between  and . Only statistical errors are shown.
Bin-to-bin correlations could be important and lead to an increase in the statistical
uncertainties on the t parameters [8, 27], arising from variation of event multiplicity.
These correlations have been measured with data. Large bin-to-bin correlations are ob-
served for the like and unlike sign pairs. They are, however, negligible for the ratio of like
sign to unlike sign pairs. Indeed, four and one parameter ts made for 225 Monte Carlo
experiments with the statistics of data conrm that the t errors are correct. The ratio
of the gaussian width of the  and
∫1
0 e
−σ2Q2dQ distributions for the results of 225 ts
to the average tted errors are 0.920.05 and 1.040.07, respectively.
6 Statistical significance.
The agreement between data and Monte Carlo predictions are shown in Figs 4, 5 and







σ , are given in Table 5.
From Figure 6 and Table 5 it is possible to conclude that the Monte Carlo is in very
good agreement with the semileptonic data, while there is a better agreement between
the hadronic data and the Monte Carlo without Bose-Einstein correlations between decay




−σ2Q2dQ values in Table 5.
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Figure 5: R(Q) for both data and Monte Carlo with Bose-Einstein implementation for the
hadronic W decays. Only statistical errors are shown. The systematic errors on the Monte Carlo
predictions are given in Table 5. The solid curve shows results of the t to the data.
7 Conclusions.
The following conclusions can be drawn:
 Bose-Einstein correlations are observed in the semi-leptonic W-pair decays. They
are well reproduced by a JETSET model tuned and corrected at the Z peak for udsc
flavours.
 In fully hadronic W-pair decays Bose-Einstein correlations are in better agreement
with the JETSET model with Bose-Einstein correlations present only for pions com-
ing from the same W. The JETSET model tuned and corrected at the Z peak
allowing Bose-Einstein correlation between pions from dierent W is disfavoured at
2.7 level.
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WW ! 4j, JETSET (BEB) 0:334  0:009  0:020 0:0689  0:0021  0:0048
WW ! 4j, JETSET (BEI) 0:265  0:009  0:016 0:0512  0:0022  0:0036
WW ! 4j, data 0:246  0:024 0:0472  0:0058
WW ! 2j, JETSET 0:290  0:014  0:017 0:0645  0:0035  0:0045
WW ! 2j, data 0:292  0:046 0:0526  0:0114
Z udsc, data 0:340  0:007 0:0713  0:0017
dierences
(4j data)−(4j JETSET (BEB)) −0:088  0:026  0:020 −0:0217  0:0062  0:0048
(4j data)−(4j JETSET (BEI)) −0:019  0:026  0:016 −0:0040  0:0062  0:0036
(4j data)−(2j data) −0:046  0:052 −0:0054  0:0128
(2j data)−(2j JETSET) 0:002  0:048  0:017 −0:0119  0:0119  0:0045
Table 5: Dierences between data and predictions of the JETSET Monte Carlo (MC) model tuned




2Q2dQ. Also shown is the
dierence between fully hadronic and semi-leptonic decay channel. The rst error is the statistical






[1] G. Goldhaber et al., Phys. Rev. 120 (1960) 300.
[2] ALEPH Collaboration, A study of Bose-Einstein correlations in e+e− annihilations
at 91 GeV, Z. Phys. C54 (1992) 75.
[3] DELPHI Collaboration, Bose-Einstein correlations in the hadronic decays of the Z0,
Phys. Lett. B286 (1992) 201.
[4] OPAL Collaboration, Multiplicity dependence of Bose-Einstein correlations in
hadronic Z0 decays, Z. Phys. C72 (1996) 389.
[5] ALEPH Collaboration, Bose-Einstein correlations in W-pair decays, Contribution to
the Int. Eur. Conf. on High Energy Physics, Vancouver, Canada, 23-29 Jul. 1998,
Ref. 894, ALEPH conference note ALEPH 98-065 CONF 98-035; Contribution to the
1999 winter conferences, ALEPH conference note ALEPH 99-027 CONF 99-021.
[6] DELPHI Collaboration, Measurements of correlations between pions from different
W’s in e+e− ! W+W− events, Phys. Lett. B401 (1997) 181.
[7] OPAL Collaboration, Bose-Einstein Correlations in e+e− !W+W− at 172 and 183
GeV, preprint CERN-EP/98-174.
[8] DELPHI Collaboration, Bose-Einstein Correlations Between Particles from Different
Ws in e+e− ! W+W− events, DELPHI note DELPHI 99-22 CONF 221.
[9] F. Martin, Bose-Einstein Correlations and Color Reconnection effect in W-pair decay
at LEP2, talk presented at XXXIV Rencontres de Moriond, Session QCD, March
20-27, 1999, preprint LAPP-EXP-99.04, to appear in the Proceedings of the Meeting.
[10] L. Lo¨nnblad and T. Sjo¨strand, Phys. Lett. B351 (1995) 293.
13
Figure 6: Dierences between data and dierent Monte Carlo predictions. Only statistical errors
are shown. The 2 is calculated for the ve bins with smallest Q.
Top: dierence between the R(Q) distributions in WW ! qqqq events and the JETSET Monte
Carlo tuned and corrected at the Z peak in which Bose-Einstein correlations are present between
the particles produced by the dierent W’s.
Middle: dierence between the R(Q) distributions in WW ! qqqq events and the JETSET
Monte Carlo tuned and corrected at the Z peak in which Bose-Einstein correlations are NOT
present between the particles produced by the dierent W’s.
Bottom: dierence between the R(Q) distributions in WW ! qqll events and the JETSET
Monte Carlo tuned and corrected at the Z peak.
[11] \Determination of the mass of the W boson", in Physics at LEP2, CERN Report
96-01, ed. G. Altarelli, T. Sjo¨strand and F. Zwirner (CERN, Geneva, 1996), Vol. 1,
p. 141.
[12] L. Lo¨nnblad and T. Sjo¨strand, Eur. Phys. J. C2 (1998) 165.
[13] ALEPH Collaboration, ALEPH: a detector for electron-positron annihilations at LEP,
Nucl. Instrum. Methods A294 (1990) 121.
14
[14] ALEPH Collaboration, Performance of the ALEPH detector at LEP, Nucl. Instrum.
Methods A360 (1995) 481.
[15] ALEPH Collaboration Heavy quark tagging with leptons in the ALEPH detector Nucl.
Instrum. Methods A346 (1994) 461.
[16] D. Creanza et al., The new ALEPH Silicon Vertex Detector, Nucl. Instrum. Methods
A409 (1998) 157.
[17] ALEPH Collaboration, Measurement of the W mass by direct reconstruction in e+e−
collisions at 172 GeV, Phys. Lett. B422 (1998) 384.
[18] ALEPH Collaboration, Measurement of W-pair production in e+e− collisions at 183
GeV, preprint CERN-EP/99-035.
[19] F. Martin, Mesure des corre´lations de Bose-Einstein dans les de´sinte´grations de paires
de Bosons W avec le de´tecteur ALEPH au LEP, L.A.P.P., Universite de Savoie, Cham-
bery, 16.4.199, thesis.
[20] ALEPH Collaboration, Measurement of the W-pair cross-section in e+e− collisions
at 172 GeV, Phys. Lett. B415 (1997) 435.
[21] ALEPH Collaboration, Measurement of the W mass in e+e− collisions at production
threshold, Phys. Lett. B401 (1997) 347.
[22] M. Skrzypek, S. Jadach, W. Placzek and Z. Was, Comput. Phys. Commun. 94 (1996)
216, preprint CERN-TH/95-205.
[23] T. Sjo¨strand, Comp. Phys. Comm. 67 (1994) 74; and Lund University report LU TP
95-20.
[24] S. Jadach and K. Zalewski, Cracow Epiphany Conference on W boson, Jan. 4-6, 1997,
Acta Phys. Polonica, B28 (1997) 1363.
[25] K. Fialkowski and R. Wit, Acta Phys. Polon. B28 (1997) 2039; preprint TPJU-3-97,
hep-ph/9703227.
[26] ALEPH Collaboration, A precise measurement of ΓZ!bb¯/ΓZ!hadrons , Phys. Lett.
B313 (1993) 535.
[27] A. De Angelis and L. Vitale, Estimating the Parameters of Bose-Einstein Correlations
from the Two-Particle Correlations Function in Multihadronic Final States, preprint
CERN-OPEN 98-020, hep-ex/9808002.
15
